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PERFORMANCE OF A SINGLE-STAGE AXIAL-FLOW TRANSONIC
COMPRESSOR STAGE WITH A BLADE TIP SOLIDITY OF 1.7
by Royce D. Moore and Lonnie Reid
Lewis Research Center
SUMMARY
The overall and blade-element performance of a transonic compressor stage is
presented. This stage has a blade tip solidity of 1. 7 for both rotor and stator. Detailed
radial and circumferential (behind stators) surveys of the flow conditions were made
over the stable operating range at rotative speeds from 50 to 100 percent of design
speed. Stage peak efficiency of 0. 784 was obtained at a pressure ratio of 1. 706 and a
o
weight flow of 28. 6 kilograms per second (194. 9 kg/sec/m of annulus area). This com-
pares to design weight flow of 29. 5 kilograms per second, efficiency of 0. 843, and
pressure ratio of 1. 750. The rotor peak efficiency of 0. 838 was also less than the de-
sign efficiency of 0. 890. At peak efficiency the losses were greater than the design
values over the entire blade span for both rotor and stator. Stall margin at design
speed was 11. 4 percent for the stage, based on weight flow and total pressure ratio at
peak efficiency and stall.
The peak efficiency being significantly less than design efficiency was attributed to
(1) the stator losses and the radial gradient of losses being much higher than design,
(2) the losses and blockages associated with the rotor part-span dampers not being in-
corporated into the design, and (3) the mismatch of the rotor and stator blade elements.
INTRODUCTION
A research program on axial-flow fans and compressors for advanced airbreathing
engines is currently being conducted at the NASA Lewis Research Center. This pro-
gram is primarily directed towards providing technology to permit reducing the size '
and weight of fans and compressors while maintaining high levels of performance. In
support of this program, experimental studies are being conducted on the effect on effi-
ciency and stall margin of blade solidity, blade aspect ratio, blade loading, area margin
above choke, different blade shapes, weight flow per unit annular area, velocity ratio,
and blade spacing (refs. 1 to 6).
In one series of tests, the results showed that the efficiency and pressure ratio
were higher for a rotor with a blade tip solidity of 1. 5 than for a rotor with a solidity
of 1.1 (ref. 6). To increase the blade tip solidity the subsonic (rearward) portion
of the blade was lengthened. Since the number of blades was the same for both rotors,
other parameters such as blade aspect ratio were also affected.
Another series of tests is being conducted involving the effect of blade solidity on
the performance of axial-flow compressor stages. The blade tip solidities of 1. 3, 1.5,
and 1. 7 are being changed by varying the number of blades while maintaining the same
velocity diagrams and flow path. These stages were designed such that the tip solidity
of both the rotor and stator blades would be the same.
In the present investigation, the axial-flow compressor stage with the tip solidity
of 1. 7 was tested. This report presents the aerodynamic design parameters, along
with the overall and blade-element performance, of the stage. Data were obtained over
the stable operating range of the stage for six rotative speeds from 50 to 100 percent of
design speed. Blade-element survey data were obtained at 11 radial positions. The
stage presented in this report has been designated stage 12-5, with the rotor being
rotor 12 and the stator being stator 5. The data presented in this report are in tabular
form as well as in machine-plotted form. The symbols and equations are defined in
appendixes A and B. The abbreviations and units used for the tabular data are defined
in appendix C.
AERODYNAMIC DESIGN
Several computer programs have been developed to aid in the design of compressors
and fans. The programs used in the design of this compressor stage were a streamline
analysis program, a blade geometry program, and a blade coordinates program. These
programs are presented in detail in references 1, 2, and 7; thus, only a brief descrip-
tion of each is presented in this report.
The streamline analysis program (ref. 1) calculates the velocity vector diagrams
at several axial locations, including planes approximating the blade leading and trailing
edges. This program accounts for both streamline curvatures and entropy gradients.
Boundary layer blockage factors are also included. Weight flow, rotor speed, flow
path geometry, and radial distributions of total pressure and temperature are the inputs
to this program.
, The calculated velocity vectors and total pressure and temperature distributions
from the streamline analysis program are then used in the blade geometry program
(ref. 1). This program calculates the blade geometry which will satisfy the vector
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diagrams. Losses are calculated within the program. They are based on a calculated
shock loss (as related to the particular blade shape) and a profile loss. The losses
used for this stage are based on the loss - diffusion-factor correlations that include the
data presented in reference 2 for the rotor and in reference 8 for the stator.
After the blade geometry is defined for both the rotor and the stator, the blade
coordinate program presented in reference 7 is used to compute the blade elements on
conical surfaces approximating the stream surfaces passing through the blade. The
program then stacks these blade elements on a radial line about their center of gravity
and computes the Cartesian blade coordinates for fabrication.
The overall design parameters for stage 12-5 are listed in table I, and the flow
path is shown in figure 1. This stage was designed for an overall pressure ratio of
1. 750 and an efficiency of 0. 843 at a weight flow of 29. 5 kilograms per second (200. 6 kg/
o
sec/m of annulus area). The design tip speed was 422.9 meters per second. This
stage was designed for a tip solidity of 1. 7 (both rotor and stator). This resulted in
56 rotor blades with an aspect ratio of 2. 4 and 62 stator blades with an aspect ratio 2.0.
The blade-element design parameters for rotor 12 are presented in table n. This
rotor was designed for a radially constant total pressure ratio of 1.8. The stator blade-
element design parameters are given in table HI. The blade geometry is presented in




The compressor test facility is the same as that described in reference 1. A
schematic view of the facility is shown in figure 2. The drive system consists of an
electric motor with a variable-frequency speed control. The drive motor is coupled
to a 5. 521:1 ratio speed-increaser gearbox that drives the test rotor. Atmospheric air
enters from a line on the roof of the building and flows through the orifice and into the
plenum chamber just upstream of the test rotor. The air then passes through the com-
pressor stage and the collector valve and exhausts to the atmosphere.
Test Stage
Rotor 12 is shown in figure 3. The rotor, which has 56 blades, has a tip diameter
of 50. 8 centimeters. Each blade is made with a vibration damper located at about
48 percent of span from the tip. The stator blades (stator 5) are shown mounted in the
outer casing in figure 4. The 62 blades were supported on the outer surface only.
Instrumentation
The compressor weight flow was determined from measurements on a calibrated
thin-plate orifice that was 38. 9 centimeters in diameter. The orifice temperature was
determined from an average of two Chromel-Alumel thermocouples. Orifices pres-
sures were measured by calibrated transducers.
Radial surveys of the flow were made at three axial locations: upstream of the
rotor, between the rotor and the stator, and downstream of the stator (see fig. 1). Two
combination probes (fig. 5(a)) and two 8° wedge probes (fig. 5(b)) were used at each
axial measuring station. The probes were located approximately 90° apart, with the two
like probes located opposite each other (fig. 6). The combination probes at station 3
were circumferentially traversed 5.8° (1 stator blade gap) counterclockwise from the
nominal values shown in figure 6. The wedge probes were used to determine static
pressure; and the combination probes were used to determine total pressure, total
temperature, and flow angle. Each probe had associated null-balancing equipment that
automatically alined the probe to the direction of flow. Iron-constantan thermocouples
were used in the combination probes to determine stream temperatures. Calibrated
transducers were used to measure all pressures.
Static pressure taps were also installed on both the outer and inner walls of the
compressor casing. These pressure taps were at the same axial location as the probes
but were offset in the circumferential direction (see fig. 6). The rotative speed of the
test rotor was determined by an electronic speed counter. The test data were recorded
by a central data recording system.
The estimated errors of the data, based on inherent accuracies of the instrumenta-
tion and recording system are as follows:
Weight flow, kg/sec ±0.3
Rotative speed, rpm ±30
Flow angle, deg ±1
Temperature, K ±0.6
2Rotor-inlet total pressure, N/cm ±0.01
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Rotor-outlet total pressure, N/cm ±0.102Stator-outlet total pressure, N/cm ±0.10
^ 9Rotor-inlet static pressure, N/cm ±0.042
Rotor-outlet static pressure, N/cm ±0.072Stator-outlet static pressure, N/cm ±0.07
Test Procedure
The stage survey data were taken over a range of weight flows from maximum flow
to the near-stall conditions. At 70, 90, and 100 percent of design speed, surveys were
made at five weight flows. At 50, 60, and 80 percent of design speed, surveys were
made at the near-stall weight flow only. Data were recorded at 11 radial positions for
each speed and weight flow. At each radial position the two combination probes behind
the stator were circumferentially traversed to nine different locations across the stator
gap. The wedge probes were set at mid-gap because preliminary studies showed that
the static pressure across the stator gap was constant. Values of pressure, tempera-"
ture, and flow angle were recorded at each circumferential position. At the last cir-
cumferential position, values of pressure, temperature, and flow angle were also
recorded for stations 1 and 2. All probes were then traversed to the next radial position
and the circumferential-traverse procedure repeated.
At each of the six rotative speeds, the back pressure on the stage was increased
(by closing the sleeve valve in the collector) until a stalled condition was evident. Stall
was detected by a sudden drop in stage-outlet total pressure, which was measured by a
probe located at midpassage and recorded on an X-Y plotter. Stall was also correlated
by large increases in blade stresses on both rotor and stator, along with a sudden in-
crease in noise level. The weight flow at stall was obtained in the following manner:
From a condition near stall, the sleeve valve was slowly closed in small increments.
At each increment, the weight flow was obtained. The weight flow obtained just before
stall occurred is called the stall weight flow. The pressure ratio at stall was obtained
by extrapolating the total pressure obtained from the survey data to the stall weight flow.
Calculation Procedure
All the data shown herein have been corrected to standard-day conditions at the
rotor inlet. The blade-element data have been translated from the measuring stations
to correspond to conditions at the blade edges. The translation procedure described
in reference 2 was used.
Due to the physical construction of the 8° wedge probe, static pressure could not
be measured at the 5-, 10-, and 95-percent-span locations. Thus, a linear interpola-
tion between the outer-wall static pressure and the value of static pressure at 30-percent
span was used to obtain static pressure at 5- and 10-percent span. At 95-percent span,
an interpolation between the static pressures at 90-percent span and the inner wall was
used to obtain the static pressure.
At each radial survey position, nine circumferential values of pressure, tempera-
ture, and flow angle were measured downstream of the stator (station 3). The nine
values of total temperature were mass-averaged to obtain the stator-outlet total tem-
perature. The nine values of total pressure were energy-averaged. The flow angle
presented for each radial position is calculated based on mass-averaged axial and
tangential velocities. All the blade-element data presented at the stator outlet are
based on these averaged values of pressure, temperature, and flow angle.
To obtain the overall performance, the radial values of total temperature were
mass-averaged and the values of total pressure were energy-averaged. At each meas-
uring station, the integrated weight flow was computed based on the radial survey data.
The agreement between the integrated weight flow at each station and the orifice weight
flow is shown in figure 7 to indicate the consistency of the data. Except at the low-
speed - low-weight-flow conditions at the stator outlet (fig. 7(c)), the integrated weight
flows are within 5 percent of the orifice weight flow. At the low-speed - low-weight-
flow condition, the stator-outlet integrated weight flow is approximately 10 percent
lower than the orifice weight flow.
RESULTS AND DISCUSSION
The overall performances for the rotor and the stage are presented first. Radial
distributions of several performance parameters are then presented for both the rotor
and the stator, followed by the blade-element data. Finally, a brief discussion of the
data is given.
All the plotted data, together with some additional performance parameters, are
listed in tabular form. The overall performance data are presented in table VI. The
blade-element data are given first for the rotor and then for the stator in tables VTI to
XVin. The abbreviations and units used for the tabular data are defined in appendix C.
Overall Performance
The overall performance for rotor 12 is presented in figure 8, and the overall per-
formance for stage 12-5 is presented in figure 9. For both machine-plotted figures,
data are presented for speeds from 50 to 100 percent of design speed. For 50, 60, and
80 percent of design speed, the overall performance is presented for the near-stall
condition only. For 70, 90, and 100 percent of design speed, data are presented at
several weight flows from choke to the near-stall conditions. Design-point values are
shown as. solid symbols in both figures. The stall line (dashed line) shown in figure 9
was determined based on the method discussed in the section Test Procedure.
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The peak efficiency for rotor 12 at design speed was 0. 838, compared to the design
value of 0.890. The peak efficiency occurred at a weight flow of 28. 6 kilograms per
second. This corresponds to a weight flow per unit annulus area of 194.9 kilograms
per second per square meter. The measured total pressure ratio was 1. 787 and the
temperature ratio was 1. 215. These compare to design values of 1. 800 and 1.205,
respectively.
The stage overall performance trends with respect to design values were similar
to those for the rotor. The stage peak efficiency was 0. 784, compared to the design
value of 0. 843. At peak efficiency, the weight flow was 28. 6 kilograms per second,
compared to the design value of 29. 5 kilograms per second. The measured pressure
ratio of 1. 706 was less than the design value of 1. 750, but the temperature ratio of
1. 211 was higher than the design value of 1. 205. The maximum-flow condition of the •
stage was experienced before the design weight flow was obtained.
At the lower speeds, efficiencies as high as 0. 880 and 0. 796 were measured for the
rotor and stage, respectively. At design speed, the stall margin was 11.4 percent for
the stage.
Radial Distributions
The radial distributions of several parameters for 100 percent of design speed are
presented in figure 10 for rotor 12 and in figure 11 for stator 5. In each figure, data
are presented for three weight flows: near choke, peak efficiency, and near stall. The
design values are shown by the solid symbols. Temperature-rise efficiency, tempera-
ture ratio, pressure ratio, suction-surf ace incidence angle, meridional velocity ratio,
deviation angle, total-loss parameter, total-loss coefficient, and diffusion factor are
presented as functions of percent span from the blade tip.
Rotor. - As the weight flow was reduced, the pressure ratio and temperature ratio
increased across the entire rotor blade span. The blade loading (diffusion factor) also
continued to increase with decreasing weight flow. The rotor losses increased in the
tip region but were relatively unaffected from the region of the damper to the hub.
At the peak efficiency weight flow of 28. 6 kilograms per second, the blade loading
was just slightly higher than the design values. However, the losses in the damper and
hub region were much greater than the design values. In the tip region the losses were
only slightly greater than design. The deviation angles were less than design values in
the tip region and at the hub, and were higher than design values from the damper to "'
90 percent of span.
Stator. - At the peak efficiency weight flow of 28. 6 kilograms per second, the stator
blade loading (diffusion factor) agreed reasonably well with the design values. However,
the measured losses were considerably larger than the design values. Except in the
damper region, the incidence angles agreed within 2° of the design values. The meai
ured deviation angles were greater than design over the entire blade span.
Variations with Incidence Angle
The variations of selected blade-element parameters with suet ion-surf ace incidence
angle are presented in figure 12 for the rotor and in figure 13 for the stator. The data
are presented for 70, 90, and 100 percent of design speed for blade-element locations
of 5, 10, 30, 52. 5, 70, 90, and 95 percent of span from the blade tip. Design values
are shown by solid symbols. In addition to all the parameters which were shown in the
radial distribution plots, inlet relative Mach number is also presented. The various
curves as a function of incidence angle are presented primarily for future correlation in
comparing the performance of these blades with other blade designs. Thus, only a few
brief observations will be made from the curves.
Rotor. - The rotor blades were designed for minimum loss to occur at zero inci-
dence angle. The incidence angle associated with minimum loss was not obtained for
the 5-, 10-, 30-, and 70-percent spans. At each of these spans, the losses continued
to decrease as the flow was increased (decreasing incidence angle) to the maximum-
flow condition. At 52. 5-, 90-, and 95-percent span, the suction-surf ace incidence angle
corresponding to minimum loss was about 1°. At 5-, 10-, 30-, and 95-percent spans,
the deviation angles were less than design, whereas at the other locations they were
greater than design. The effect of the damper is evident at the 52. 5-percent-span
location. The rotor pressure ratio and efficiency are considerably less than design,
while the losses are much greater than the design values.
Stator. - The suction-surf ace incidence angle corresponding to minimum loss was
within 2° of the design incidence angle, except at 52. 5-percent span. At 52. 5-percent
span, the minimum-loss incidence angle is 4°. The minimum losses were considerably
greater than design, except at the 52. 5- and 70-percent-span locations: For those two
locations, minimum losses were about the same as design. The deviation angle was
greater than design for all percent-span locations.
Discussion of Performance
The maximum flow for this high-solidity stage is somewhat less than the design
flow. At the maximum-flow conditions, the stator losses are substantially greater than
both the design and minimum-loss values for all the blade elements. Except in the
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region behind the rotor dampers, the stator incidence angles are also less than the
design values. Thus, it appears that the stator blading and it's mismatch with the rotor
could be limiting the stage flow.
The data indicated that the minimum loss for the rotor was not attained for the 5-,
10-, 30-, and 70-percent-span locations. If the stator had not been limiting the maxi-
mum flow, the rotor overall efficiency would probably be higher and occur at a higher
flow. However, the rotor would not have achieved the design efficiency even if each "
element was reset to its minimum-loss condition because no allowances were made for
the damper losses and blockage due to the dampers in the design of this stage.
The stator minimum losses are higher than the design values for all elements. The
difference between minimum loss and design decreases from the tip to the 70-percent -
span location and then increases to the hub. Thus, the radial gradients of losses are '
also greater than design. These higher loss levels and higher radial loss gradients are
probably related to the high blade surface area, radial boundary flows, and secondary
flows of the high-solidity blading. Adjusting the stator elements for these higher losses
and loss gradients and resetting the rotor elements would probably result in some
improvement in the stage efficiency. However, at the high level of blade solidity, this
stage could not be expected to achieve the design performance.
SUMMARY OF RESULTS
}
This report presents both the aerodynamic design parameters and the overall and
blade-element performance of a transonic compressor stage. This stage, which is one
of a series designed to investigate blade solidity, has a tip solidity of 1. 7 for both rotor
and stator. Detailed radial surveys of the flow conditions in front of and behind the
rotor and behind the stator were made over the stable operating flow range of the stage
at rotative speeds from 50 to 100 percent of design speed. Flow and performance
parameters were calculated across 11 blade elements. The following principal results
were obtained from this investigation:
1. Stage peak efficiency of 0. 784 was significantly less than the design efficiency
of 0. 843. This decrease is attributed to (1) the stator losses and radial gradient of
losses being much greater than design, (2) losses and blockages associated with the
rotor part-span damper not being incorporated into the design, and (3) the mismatch of
the rotor and stator blade elements.
2. Stage peak efficiency was obtained at a weight flow of 28.6 kilograms per second
and a pressure ratio of 1. 706. This compares to the design weight flow of 29. 5 kilo-
grams per second and the design pressure ratio of 1. 750.
3. Stall margin for this stage at design speed was 11.4 percent, based on weight
flow and total pressure at peak efficiency and stall.
4. Rotor peak efficiency of 0.838 occurred at a pressure ratio of 1. 787. Design
efficiency was 0. 890 and design pressure ratio was 1. 800.
5. The maximum flow for this high-solidity stage was less than the design weight
flow.
Lewis Research Center,
National Aeronautics and Space Administration,






Aori annulus area at rotor leading edge, 0. 147 man
2
Aj frontal area at rotor leading edge, 0. 198 m
C specific heat at constant pressure, 1004 J/(kg)(K)
c aerodynamic chord, cm
D diffusion factor
2 -g acceleration of gravity, 9. 8 m/sec
i „ mean incidence angle, angle between inlet air direction and line tangent
Illvr
to blade mean camber line at leading edge, deg
i suction -surface incidence angle, angle between inlet air direction and
line tangent to blade suction surface at leading edge, deg
J mechanical equivalent of heat
N rotative speed, rpm
2
P total pressure, N/cm
2
p static pressure, N/cm
r radius, cm
SM stall margin
T total temperature, K
U wheel speed, m/sec
V air velocity, m/sec
W weight flow, kg/sec
Z axial distance referenced from rotor -blade -hub leading edge, cm
ac cone angle, deg
a slope of streamline, deg
s
/3 air angle, angle between air velocity and axial direction, deg
relative meridional air angle based on cone angle, arctan
(tan /3* cos a /cos a ), deg
111 v-. o



















ratio of rotor-inlet total pressure to standard pressure of 10. 13 newtons
per square centimeter
deviation angle, angle between exit air direction and tangent to blade mean
camber line at trailing edge, deg
efficiency . - . . . - • .
ratio of rotor -inlet, total temperature to standard temperature of 288. 2 K
angle between. blade mean camber line and meridional plane, deg
angle between blade suction-surface camber line at leading edge and
meridional plane, deg
solidity, ratio of chord to spacing ,
total -loss coefficient









axial direction . • • • • • • •
tangential direction
instrumentation plane upstream of rotor
instrumentation plane between rotor and stator
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ABBREVIATIONS AND UNITS USED IN TABLES
absolute
aerodynamic chord, cm
ratio of actual flow area to critical area (where local Mach number
is 1)
meridional air angle, deg
angle between axial direction and conical surface representing
blade element, deg
difference between mean camber blade angle and suction-surf ace
blade angle at leading edge, deg
deviation angle (defined by eq. (B3)), deg
diffusion factor (defined by eq. (B4))
adiabatic efficiency (defined by eq. (B9))
inlet (leading edge of blade)
incidence angle (suction surface defined by eq. (Bl) and mean
defined by eq. (B2)), deg
angle between blade mean camber line at leading edge and merid-
ional plane, deg
angle between blade mean camber line at trailing edge and merid-
ional plane, deg
angle between blade mean camber line at transition point and
meridional plane, deg
loss coefficient (total defined by eq. (B5) and profile defined by
eq. (B6))




outlet (trailing edge of blade)


































inlet radius (leading edge of blade), cm
outlet radius (trailing edge of blade), cm
radial position
equivalent rotative speed, revolutions per minute
angle between aerodynamic chord and meridional plane, deg
ratio of aerodynamic chord to blade spacing
speed, m/sec
suction surface
slope of streamline, deg
tangential
temperature, K
thickness of blade at leading edge, cm
thickness of blade at maximum thickness, cm
thickness of blade at trailing edge, cm
total
difference between inlet and outlet blade mean camber lines, deg
velocity, m/sec
equivalent weight flow, kg/sec
ratio of suction-surf ace camber ahead of assumed shock location
of a multiple-circular-arc blade section to that of a double -
circular-arc blade section
axial distance to blade leading edge from inlet, cm
axial distance to blade maximum thickness point from inlet, cm
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TABLE I. - DESIGN OVERALL PARAMETERS FOR STAGE 12-5
ROTOR TOTAL PRESSURE RATIO 1.800
STAGE TOTAL PRESSURE RATIO 1.750
ROTOR TOTAL TEMPERATURE RAT 10 1.205
STAGE TOTAL TEMPERATURE RATIO 1.205
ROTOR ADIABATIC EFFICIENCY 0.890
STAGE ADIABATIC EFFICIENCY 0.843
ROTOR POLYTROPIC EFFICIENCY 0.898
STAGE POLYTROPIC EFFICIENCY „ 0.855
ROTOR HEAD RISE COEFFICIENT 0.295
STAGE HEAD RISE COEFFICIENT 0.281
FLOW COEFFICIENT 0.473
WT FLOW PER UNIT FRONTAL AREA 149.172
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ZIC ZMC ZTC ZOC
.032 2.136 2.168 3.397





















































































































































































































































































































































































































































































































































































TABLE VI. - OVERALL PERFORMANCE FOR STAGE 12-5. SI UNITS,
(a) 100 Percent design speed
PARAMETER
ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
WT FLOW AT STATOR OUTLET
ROTATIVE SPEED

































































































(b) 90 Percent design speed
PARAMETER
ROTOR TOTAL PRESSURE RATIO .
STAGE TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
STAGE 'TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
WT FLOW AT STATOR OUTLET
ROTATIVE SPEED


































































































TABLE VI. -Continued. OVERALL PERFORMANCE FOR STAGE 12-5. SI UNITS,
(d 80 Percent design speed
PARAMETER
ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEW RISE COEFFICIENT
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA
MT FLOW PER UNIT ANNULUS AREA
HT aOW AT ORIFICE
HT FLOW AT ROTOR INLET
MT FLOW AT ROTOR OUTLET
HT FLOW AT STATOR OUTLET
ROTATIVE SPEED





















(d) 70 Percent design speed
PARAMETER
ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
-STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
HT FLOW AT ORIFICE
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
WT FLOW AT STATOR OUTLET
ROTATIVE SPEED.


































































































TABLE VI. - Concluded. OVERALL PERFORMANCE FOR STAGE 12-5. SI UNITS.
1
 (e) 60 Percent design speed
PARAMETER
ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE RATJO
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
WT FLOW AT STATOR OUTLET
ROTATIVE SPEED




















(f) 50 Percent design speed
PARAMETER
ROTOR TOTAL PRESSURE RATIO
STAGE TOTAL PRESSURE RATIO
ROTOR TOTAL TEMPERATURE RATIO
STAGE TOTAL TEMPERATURE RATIO
ROTOR TEMP. RISE EFFICIENCY '
STAGE TEMP. RISE EFFICIENCY
ROTOR MOMENTUM RISE EFFICIENCY
ROTOR HEAD RISE COEFFICIENT
STAGE HEAD RISE COEFFICIENT
FLOW COEFFICIENT
WT FLOW PER UNIT FRONTAL AREA
WT FLOW PER UNIT ANNULUS AREA
WT FLOW AT ORIFICE
WT FLOW AT ROTOR INLET
WT FLOW AT ROTOR OUTLET
WT FLOW AT STATOR OUTLET
ROTATIVE SPEED






















TABLE VII. - BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 12,





























































































































































































































































































































































































































































































































































TABLE VII. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 12.


















































































































































































































































































































































































































































































































































TABLE VII. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 12,










































































































































































































































































































































































































































































































































0 . 0 1 1
0.019








TABLE VII. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 1?,




















































































































































































































































































































































































































































































































































TABLE VII. - Concluded. BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 12,


















































































































































































































































































































































































































































































































































TABU VIII. - BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 12,



























































































































































































































































































































































































































































































































































0 , 0 1 2
0.015
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TABLE VIII. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 12,




















































































































































































































































































































































































































































































































































TABLE VIII. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR-ROTOR 12,






















































































































































































































































































































































































































































































































































TABLE VIII. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 12,
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TABLE VIII. - Concluded. BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 12,





























































































































































































































































































































































































































































































































































TABLE IX. - BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 12,




















































































































































































































































































































































































































































































































































TABLE X. - BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 12,


















































































































































































































































































































































































































































































































































TABLE X. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 12,
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TABU X. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 12,


















































































































































































































































































































































































































































































































































TABLE X. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 12,
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TABLE X. - Concluded. BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 12,
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TABLE XI. - BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 12,



























































































































































































































































































































































































































































































































































TABLE XII. - BLADE-ELEMENT DATA AT BLADE EDGES FOR ROTOR 12,






































































































































































































































































































































































































































































































































































TABLE XIII. - BLADE-ELEMENT DATA AT BLADE EDGES FOR STATOR 5,
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TABLE XIII. - continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR STATOR 5,










































































































































































































































































































































































































































































































































































TABLE XIII. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR STATOR 5,
































































































































































































































































































































































































































































































































































TABLE XIII. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR STATOR 5,








































































































































































































































































































































































































































































































































































TABLE XIII. - Concluded. BLADE-ELEMENT DATA AT BLADE EDGES FOR STATOR 5,





























































































































































































































































































































































































































































































































































TABLE XW. - BLADE-OEMENT DATA AT BLADE EDGES FOR STATOR 5.
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TABLE XIV. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR STATOR 5,





























































































































































































































































































































































































































































































































































TABLE XIV. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR STATOR 5,





























































































































































































































































































































































































































































































































































TABLE XIV. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR STATOR 5,
























































































































































































































































































































































































































































































































HER ID PEAK SS
VEL R V
1.061
















' . 0 1 2
1.025






























TABLE XIV. - Concluded. BLADE-ELEMENT DATA AT BLADE EDGES FOR STATOR 5.


















































































































































































































































































































































































































































































































































TABLE XV. - BLADE-ELEMENT DATA AT BLADE EDGES FOR STATOR.5,









































































































































































































































































































































































































































































































































































TABLE XVI. - BLADE-ELEMENT DATA AT BLADE EDGES FOR STATOR 5,










































































































































































































































































































































































































































































































































































TABLE XVI. - Continued. BLADE-CLEMENT DATA AT BLADE EDGES FOR STATOR 5,
























































































































































































































































































































































































































































































































































TABLE XVI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR STATOR 5,









































































































































































































































































































































































































































































































































































TABU XVI. - Continued. BLADE-ELEMENT DATA AT BLADE EDGES FOR STATOR 5,











































































































































































































































































































































































































































































































































































TABLE XVI. - Concluded. BLADE-ELEMENT DATA AT BLADE EDGES FOR STATOR 5.









































































































































































































































































































































































































































































































































































TABLE XVII. - BLADE-ELEMENT DATA AT BLADE EDGES FOR STATOR 5,









































































































































































































































































































































































































































































































































































TABLE XVIII. - BLADE-ELEMENT DATA AT BLADE EDGES FOR STATOR 5,

















































































































































































































































































































































































































































































































































































-32 -24 -16 -80 8 16 24



























































Drive motor ^  ! \\ rTest stage













Figure 4. - Stator 5.
66
p-Two null balancing
I pressure taps for flow
t angle measurement
C-67-3836 C-68-1280
(a) Combination total pressure, total temperature, and flow
angle probe (double barrel probe).
(b) Static pressure probe (8° wedge).








(a) Station 1. (b) Station 2. (c) Station 3.
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